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Figure 3: ACL Buffer while Sending 



B3 



MEM DA 



yRX_PLD. DATA[7;0j 



-3qa 



rA[31:0] 



31T- 



f»<r. 



Flow 

na 


Data Total Length 


1 j — j 1 

BC PB Fv Flush exniration Timel" 12:21 


l 


DafahvteO 
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Pkt encode 
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Pkt_encode: In normal mode, this coding is listed as below. In One_Pkt_Mode, it represents the packet 
type code that is defined in the Bluetooth specification. 
Pkt_encode[3:2]: 00 - AUX1 only; 01 - DM only; 10 - DH only; 1 1 - Automatic best fit 
Pkt_encode[l:0]: 00 - Single slot packet; 01 - 3-slot packet; 10 - 5-slot packet; 1 1 - Reserved _ 
Figure 5: ACL Buffer after Receiving in normal mode B>^ 
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- "e'blUXXX" is defined as NULL pointer. 

- When Done bit is 1, firmware can update the pointer byte and hardware can only read this byte. 

- When Done bit is 0, hardware can update the pointer byte and firmware can only read this byte. 

- Toggle bit is changed by the hardware, it is toggled everytime when hardware finishes a task. 

- This control scheme applies to the LMP out buffers as well. 
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L2CAP Packet Format 
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Example of Dual Pointer Buffer Scheme 1: TX Route 

Step 1 : Afterinitialization, the value of pointers is 'NULL" 
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Host Controller 
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BT TX BUF 1 



-3f 
•-"Bib 
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TX PTR 1 
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CP 



Step 2: The Host Controller assigns a buffer , BTTX_BUFJ' to receive the HCI packet 
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Host Controller 
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HCI_RX BUF PTR 





1 | o i EventTa ^! 1 i o 
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TX PTR 0 
(NULL) 
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Step 3: The HCI packet 'HCI PKT V is stored in the buffer *BT_TX_BUF_1' 
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PKT 2 
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BT_TX_BUF_1 
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Step 4: The Host Controller assigns another buffer 'BT_TX__BUF_2* to receive the HCI packet 
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PKT 2 
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PKT 3 





Host Controller 
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. TX_PTR_1 




TX PTR 0 
(NULL) 



BT_TX_BUF 2 



BT_TX_BUF_1 

1) 



(HCI PKT • 
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Step 5: While the Bluetooth Module is sending the HCI packet 1 , the HCI Interface Module is receiving the HCI packet 2 



Host 



H 

PKT3 



HCI 
PKT2 



Host Controller 



HCI Interface Module 



HCI_RX_BUF PTR 



0 | 0 l^ntTablej 1 , Q 


TX_PTR_1 




TX PTR 0 
(NULL) 



sac; 



BT_TX_BUF_2 
(HCI PKT2) 



Slip 



BT_TX_BUF_1 
(HCI PKT 1) 



Step 6: Assuming that the HCI packet 1 is sent before the HCI packet 2 is received, the buffer 'BTJTX_BUF_1 ' is released 



Host 



H 

PKT 3 



HCI 
PKT 2 



Host Controller 



HCI Interface Module 



HCLRX BUF PTR 



1 | 1 | Event TabIe | 1 i o 


TX PTR 1 
p (NULL) 




TX PTR 0 
(NULL) 



BT_TX_BUF_2 
(HCI PKT 2) 



BT_TX BUF 1 



Step 7: After the HCI packet 2 has been received, the buffer , BT_TX_BUF_2' is pointed by TX_PTR_0\ 



Host 



HCI 
PKT 3 



Host Controller 



HCI Interface Module 



HCI_RX_BUF_PTR 
(NULL) 



dn1 tg1 _ _ dnO tgO 

. i " lEvent Table . ^ , 



1 1 



TX_PTR_1 
(NULL) 



0 | 0 



TX PTR 0 



BT TX BUF 1 



BT_TX_BUF_2 
(HCI PKT 2) 



Step 8: The free buffer 'BT_TX_BUF_1* is assigned to the HCI Interface Module again to receive another HCI packet 



Host 



HCJ f— I 

PKT 3 



Host Controller 



HCI Interface Module 



HCI_RX_BUF_PTR 



(HCI PKT 3) 



BT TX BUF 1 



dn1 tg1 ._ dnO tgO 

1 | 1 I nvent Table , Q , 9 Q 



TX_PTR_1 
(NULL) 



TX PTR 0 



BT_TX_BUF_2 
(HCI PKT 2) 



-4 ox 



KC Technology, Confidential Information 



Example of Dual Pointer Buffer Scheme 1 : TX Route Page 3 of 3 

Step 9: Assuming that the HCI packet 3 is received before the HCI packet 2 is sent, , TX_PTR_V points to buffer 'BT_TX_BUF_1' 



Host 



Host Controller 



HCI Interface Module 



HCI_RX_BUF_PTR 
(NULL) 



dn1 tgl c dnO tgO 

-TTTi Even t Table roTr 



TX PTR 1 



L 1 BT TX BUF 1 



TX_PTR 0. 



(HCI PKT 3) 



BTTX_BUF_2 
(HCI PKT 2) 



( Step 10: The free buffer 'BT_TX_BUF_2' is assigned to the HCI Interface Module again to receive another HCI packet. 



Host 



t s 



jr.:: 



Host Controller 



HCI Interface Module 



HCI_RX_BUF_PTR 



dn1 tg1 . _ dnO tgO 

n ■ \ i Event Tablet - A . * 



1 1 



TX PTR 1 



TX_PTR_0 
(NULL) 



BT TX BUF 2 



BT_TX_BUF_1 
(HCI PKT 3) 



f - Step 1 1 : After the HCI packet 3 has been transmitted, the buffer 'BTTX BUF V will be released. 



Host 



Host Controller 



HCI Interface Module 



HCIRX BUF PTR 



dn1 tg1 , _ . , dnO tgO 

- TT - 5 - 1 Even t Table nrT -g- 



TX_PTR_1 
(NULL) 



TX_PTR_0 
(NULL) 



BT TX BUF 2 



BT TX BUF 1 



Now, the state of done and toggle is "1 01 1". For the next transmisstion, 'TX_PTR_0' is selected to point the next outgoing packet. 
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Step 1: After initialization, the value of pointers is 'NULL". Assuming that two receiving buffer are available. 



Host 



Host Controller 



HCI Interface Module 



HCI_TX_BUF_PTR 
(NULL) 



^lAEvent Table, r.'f 



RX_PTR_1 
(NULL) 



I 0 I 0 



RX PTR 0 



Receiving Buffer Pool 



BT RX BUF 1 



(NULL) t fS^P^ 



BT_RX_BUF_2 



Step 2: The Bluettoth Module assigns buffer *BT_RX_BUFJ' to receive the incoming Bluetooth packets. 



Host 



W 1 



Host Controller 



HCI Interface Module 



HCI_JX BUF PTR 



34b 



dn1 tg1 Ui dnO tgO 

0 | Q j Even t Table , Q , 9 Q 



RX_PTR__1 



RX_PTR_0 
(NULL) 



^ • - Receiving B uffer Pool 

BT_RX_BUF_1 L| BT^RX_BUF_2 J _ 



(HCI PKT • 



F_1 J_BT_RX_BUF_; 

D Pt~" — 



Step 3: The buffer *BT_TX_BUF_1' is released when any one of the three buffer releasing conditions is detected. 



Host 



Host Controller 



HCI Interface Module 



HCJ_TX_BUF_PTR 
(NULL) 



dn1 tg1 _ . -j- » | dnO tgO 



RX PTR 1 



RX PTR 0 J | /J 
(NULL) T 



Receiving Buffer Pool 



BT_RX_BUF_1 
(HCI PKT 1) 



BTRXBUF 2 



Step 4: Firmware releases this buffer buffer 'BT_TX_BUF_1* and sends it to the HCI Interface Module. Then sets the done bit to 0 



Host 



HCI 
PKT 1 



Host Controller 



HCI Interface Module 



HC1_TX_BUF_PTR 



i 



BT_&<_BUF_1 
(HCI PKT 1) 



d " 1 , tg : . Event Table , r , 



RX_PTR_1 
(NULL) 



0 I 0 



RX_PTR_0 
(NULL) 



Receiving Buffer Pooi 



BT RX BUF 2 
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Step 5: After the HCI packet 1 ts sent to the Host, buffer 'BT_RX__BUF_1' is released and put back to the receiving buffer pool 



Host 



HCI 
PKT 1 



Host Controller 



HCI Interface Module 



HCI_TX_BUF_PTR 
(NULL) 



dn1 tg1 . _ . , dnO tgO 

XEEl!. ventTab,e roT^ 



RX_PTR_1 
(NULL) 



RX_PTR_0 
(NULL) 



Receiving Buffer Pool 



BT_Rx_BUF_1 



BT RX BUF 2 



Step 6: The Bluettoth Module assigns buffer 'BT_RX_BUF_1' to receive the incoming Bluetooth packets. 

Hfr-37 F 



Host 



HC! 
PKT 1 



Host Controller 



HCI Interface Module 



HCI_TX_BUF_PTR 
(NULL) 



dn1 tg1 ^ t -T-,, dnO tgO 

0 | 1 | Eve " t Tab!e | Q I Q 



RX_PTR_1 
(NULL) 



RX_PTR.O f -TfrflX, 



Receiving Buffer Pool 



BT_RX_BUF_1 J _JBT_RX^BUF_2^ [ L 
(HCI PKT 2) Vj • p j 



Step 7: The buffer 'BT_TXJ3UF_1' is released when any one of the three buffer releasing conditions is detected. 



- Ff6r<s>l£r 



m 



Host 



HCI 
PKT 1 



Host Controller 



HCI Interface Module 



HCi_TX_BUF_PTR 
(NULL) 



dn1 tg1 . -r . , dnO tgO 

•oTTi Even t Tabie nrTT- 



RX_PTR_1 
(NULL) 



RX PTR 0 



• - ' ~Receiving Buffer Pool 



BT_RX_BUF_1 
(HCI PKT 2) 



BT RX BUF 2 



Step 8: Before buffer 'BT_RX_BUF_1' is removed by the firmware, another buffer is assigned to receive data. 



Host 



HCI 
PKT 1 



Host Controller 



HCI Interface Module 



HCI_TX„BUF_PTR 
(NULL) 



7*f 



dn1 tg1 _ . . dnO tgO 

Q i ^ | Event Tabler 



RX PTR 1 



"PHH~ 



RX PTR 0 



^ " Receiving - Buffer Pool 



BT_RX_BUF_1 
(HCI PKT 2) 



BT_RX_BUF_2 , 
(HCI PKT 3) 
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Step 9: Firmware releases this buffer BTjrX_BUF_1' and sends it to the HCI Interface Module Then sets the done bit to 0 



Host 





HCI 


HCI 
PKT2 


r 1 






Host Controller 



HCI Interface Module 



HCI TX BUF PTR 



dn1 tg1 j- , T . . dnO tgO 

o | 1 t Even t Tabfe | Q | 1 



RX PTR 1 



RX_PTR_0 
(NULL) 



y— 



BT _£x_BUF_1 
(HCI PKT 2) 



Receiving^ Buffer Pool 



BT_RX_BUF_2 
(HCI PKT 3) 



V, 



■■si? £ 



Step 10: The buffer 'BT_TX_BUF_2' is released when any one of the three buffer releasing conditions is detected. 



Host 



HCI 


HC! 


r 1 


PKT 2 


< 





Host Controller 



HCI Interface Module 



HCI TX BUF PTR 



1 i o i Event Table nnrr 


RX_PTR_1 




RX PTR 0 
(NULL) 



— i — 



BT_$<_BUF_1 
(HCI PKT 2) 



Receiving Buffer Pool 



BT_RX_BUF_2 
(HCI PKT 3) 



Step 1 1 : After the HCI packet 1 is sent to the Host, buffer *BT_RX_BUF_1* is released and put back to the receiving buffer pool. 



Finnic 



Host 



m 

13 





HCI 


HCI 
PKT 2 


n 





Host Controller 



HCI Interface Module 



HC!_TX_BUF_PTR 
(NULL) 



^-T^ EventTab,e roTi- 


RX_PTR_1 




RX PTR 0 
(NULL) 



btJJx_buf_i 



Receiving'EufferPool 



BT_ft(_BUF_2 
(HCI PKT 3) 



Step 12: Firmware releases this buffer buffer 'BT_TX_BUF_1 ' and sends it to the HCI Interface Module. Then sets the done bit to 0 



Host 







HCI 




HCI 


r 1 


HCI 


F2 




PKT 3 













Host Controller 



HCI Interface Module 



HCI TX BUF PTR 



o I o | Event Table l 0 I 1 


RX_PTR_1 
(NULL) 




RX PTR 0 
(NULL) 



IT" 



BT_ftX_BUF_2 
(HCI PKT 3) 



Receiving Buffer Pool 



BTRX BUF 1 
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Dual Pointer Buffer Scheme 1 : Hardware implementation 



new_pointer/ r 
l^QU^* mem^poioierl 



load_new_ptr1 >J 

load 

3 J1T new_pointen/ 

Hen. 

mern_pointerO ^ 

load_new_ptrO 
load 



v pointer 



nulLpointer 



to mem donel 




to_mem_toggle1 



done 



to_mem_doneO 



to_mem_toggleO 
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case 1 : An interrupt which is generated by the Packet Controller of the BT module 
indicates that an incoming HCI packet is received 



c 



Start 



read 'pointer 1' 
and 'pointer 0' from 
the "IN" pointer pair 





Yes 



No 




Yes 




Yes 



No 



ddres 



HCI packet is addressed by 
ptrO; takes this buffer and 
sets ptrO to NULL; sets dnO 
toO 



HCI packet 
ptrl ; takes 
sets ptrl to 



jdres 



£74 



Is addressed by 
this buffer and 
NULL; sets dn1 
toO 



HCI packet is addressed by 
ptrl; takes this buffer and 
sets ptrl to NULL; sets dn1 

toO 



HCI packet 
ptrO; takes 
sets ptrO to 



Srfr 



is addressed by 
this buffer and 
NULL; sets dnO 
toO 



c 



End 



> 



Yes 
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case 3: An interrupt which is generated by the HCI module indicates that an outgoing HCl 

packet is received 



c 



Start 



I 



J 



read 'pointer 1' 
and 'pointer 0' from the 
"OUT" pointer pair 




Yes 



No 




Yes 




No 



Yes 



<<rlo 



Assigns the address of 
the outgoing buffer to 
ptrj; sets dn1 to 0 



c 



End 



> 



Assigns the address of 
the outgoing buffer to 
ptrO; sets dnO to 0 




Yes 
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case 2: An interrupt which is generated by the Packet Controller of the BT module 
indicates that an outgoing HCI packet is sent 



i 



ry 



c 



Start 



y 




read 'pointer 1' 




and 'pointer 0* from 




the "OUT' pointer pair 










No 



53^ 



Yes 



54^ 



HCI packet is addressed 
by ptrO; takes this buffer and 
sets ptrO to null 



5to 



HCI packet is addressed 
by ptrl ; takes this buffer and 
sets ptrl to null 



c 



End 



> 



6*L 




5H 



HCI packet is addressed 
by ptrO; takes this buffer and 
sets ptrO to null 



Yes 
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ACL RX precedure: Flow chat 1 




RX 
start 




End H- 



Li 



the next TX 
fc\e 





Load RX_PTR 


►< 


I ► 





_ Page 1 of 2 




Yes 



No 




Yes 



Yes 




Get receiving buffer 



Find out available space 



Yes 




No 



Payload size > 0 



Yes 



No 



Yes 





Set available space = 0 



Yes 



Generates 



BUF_TX_RX_DONE and 
releases the RX buffer; gets 
another receiving buffer 



Stores data into the buffer 



Yes 




updates the received data 
length 



Send ACK in the next TX 
cycle 



Send NAK in the next TX 
cycle 



3 i 



Loads the TX_PTR & loads 

the TX data length, 
previous and next pointers 




5^0 



Yes 



Generates 
BUF_TX_RX_DONE and 
releases the TX buffer 



Yes 




Copies the previous pointer 
to the next pointer 



No 




W End K- 
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J* 



Config. Register 



Expiration 
Time out 
period 



Hi 



3 lO~ 



7 



Bluetooth Packet Controller and Selector 

>4* 



ADDER 



— ► EXP_TO[12:1] 



MEM REQ 1 



MEM CMD 1 



READY 1 



ADD^M 



WR_DATA_1f31:fl 



^DJATA,1[31:0] 



Native Clock 



3 1?' 



RX Buffer Scan Logic/ 


Allocation Logic 










Watch Dog 






Timer to 






triggers the 






SCAN 






process 











MEMREQ2 



MEM CMD 2 



READY 2 



ADDJR_2 



WR_DAXA_2[31:^ 



^D,DAJ A ,2[31:0 ] 



SRAM 
Interface 



ACL RX Buffer is released due to expiration timeout: Flow chat 2 



Page 2 of 2 




3! X-^ 2 - 



Load RX_PTR in the next 
evant entry 




Loads the expiration time 






r / 


Generates 
BUF_TX_RX_DONE and 
releases the RX buffer 




No 

f 
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f.«J. 

[fl 



../ 



Connection 
Event Table 
(SRAM) 












Scheduler 


^7 Of 










Current_ln_Service 




S 






i 








R 
A 








r 






M 






Service 


Event plumber 


A ► 


- h- in a 


< 


► 


Prioritization 






F 
A 
C 
E 
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Scheduler - 



Scheduling priority of ACL links in master mode 



Page 1 of 1 




Yes 



Scan Event Entry from 
event 4 to event 10 



nit- 




Randomly, or according to 
preset order, select one event ' 
with In service = 1 



i / 



nib 



Randomly, or according to 
preset order, select one event 



Copy the AM_ADDR to , 
Current_ln_Service register 






< 


Serves the 
corresponc 
AM_ADDR 
Current In S< 


event entry 
iing to the 
ndicated by 
srvice register 



-lit 



lot 



Updates Current J n_Service 
Register and In-Service bits 
according to the result of 
transmission and receiving 



0 



F/%f la 
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